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1. Summary
1.1 SCOPE OF THE INVESTIGATION

Flow speeds derived in recent years from chromospheric/transition region and coronal observa-
tions suggest that the solar wind acceleration process might start at heights in the solar atmosphere
much lower than previously imagined. The goal of the proposed investigation was to study atmo-
spheric outflows in coronal hole regions from the chromosphere into the corona using observational
and theoretical approaches. In addition to outflows, other plasma properties such as electron den-
sities, and electron and ion temperatures were also included in the study. To investigate these
plasma properties in the inner corona is important as they play a crucial role in placing limits on
possible coronal heating and solar wind acceleration mechanisms.

1.2 PROGRESS MADE

Over the past year we have carried out, analyzed and made use of a number of different obser-
vational techniques to achieve the above goal. In addition we have supported these observations
with model calculations. In particular we have derived constraints on electron densities in the lower
solar atmosphere (photosphere and chromosphere) using a number of different atmospheric models
which are constrained by observed spectral lines. For the first time, we have carried out a de-
tailed comparison between these atmospheric densities and coronal electron densities derived from
polarization brightness measurements in the region from about 1.1 to several solar radii. It was
discovered that there is a discrepancy between the two sets of densities. The atmospheric electron
densities are in agreement with a density of maximum 107 cm™2 at 1.1 Rs. The pB densities given
in the literature are typically 5 x 107 em™3 or higher. It was shown that this discrepancy might be
due to an overestimation of the coronal electron densities below 1.5 to 2 Rg. To derive accurate
estimates of electron densities throughout the solar atmosphere is particularly important since the
electron density is a fundamental parameter in the interpretation of other observations, is a key
parameter in solar wind modeling, and is often used to place limits on other parameters such as
outflow speeds. Corresponding discrepancies could not be found for the electron temperatures (See
Figure 1).

UVCS observations in conjunction with the above densities were used to place limits on the time
scales of the heating mechanism. Observations of the Lyman-o: 1216 A, the Mg X 625 A, and the
O VI 1038 A spectral lines carried out with the UVCS (Ultraviolet Coronagraph Spectrometer) on
board SOHO at distances in the range 1.35 to 2.1 Rs in the northern coronal hole, were used to
place limits on the turbulent wave motions of the background plasma, and the thermal motions of



the protons and Mg+?, and O ions. Limits on the turbulent wave motion were estimated from
the measured line widths and electron densities derived from white light coronagraph observations
assuming WKB approximation at radial distances covered by the observations. It was shown that
the contribution of the turbulent wave motion to the widths of the measured spectral lines is small
compared to thermal broadening. The observations revealed that the particle temperatures are
neither mass nor mass to charge proportional. The proton temperature slowly increases between
1.35 and 2.7 Rs and does not exceed 3 x 108 K in that region. The temperature of the minor ions
exceeds the proton temperature at all distances, the temperature of the O™ ions is heigher than
the temperature of the Mg™? ions (Figure 2a). This behavior is in agreement with a turbulence
driven solar wind flow. The flow speed, electron densities and Alfvén speed limits are also shown
in the Figure (2b). It was calculated, for the first time, that collision times between protons and
minor ions are small compared to the solar wind expansion times in the inner corona (Figure 2c).
At 1.35 Rg the expansion time exceeds the proton Mg*? collision time by more than an order of
magnitude. Nevertheless, the temperature of the Mg ions is significantly larger than the proton
temperature which indicates that the heating mechanism has to act on time scales faster than
niinutes.

Estimates of the above plasma parameters were also used to show that for plasma conditions in
the inner corona, the presence of a shear flow would lead to a mode conversion of Alfvén waves into
fast mode waves which are damped more easily.
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Figure 1: Electron temperatures calculated from the atmospheric models (solid and dashed lines),
from a solar wind expansion model {dotted line), and the temperatures derived from observations
in the corona (squares, asterisks, and circles).
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Figure 2: a) Effective particle temperatures, b) observed electron densities, and derived flow and

Afvén speeds, c) collision times of the particles and expansion times calculated from b (see Esser

et al. 1999 for details).
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